lower SEP and half of higher SEP, were asked to select a drink from a range of two non-48
SSBs and four SSBs (subsequent to completing a separate study assessing the effects of food 49 availability on snack selection). The drinks included 'on-pack' labels according to 50 randomisation: Group 1:pictorial health warning label on SSBs; Group 2:calorie information 51 label on all drinks; Group 3:no additional label. The primary outcome was the proportion of 52 participants selecting an SSB. Compared to not having additional labels (39%), neither the 53 pictorial health warning label (40%) nor calorie information labels (43%) affected the 54 proportion of participants selecting an SSB. Lower SEP participants (45%) were more likely 55 to select an SSB compared to those of higher SEP (35%), but SEP did not moderate the 56 3 Background 71 72 Sugar-sweetened beverages (SSBs) are one of the largest sources of added sugar to diets in 73 the UK and USA [1, 2] . Their consumption is linked to the development of adverse health 74 conditions, including obesity, diabetes and dental decay [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Health warning labels could 75 help reduce SSB purchasing and consumption, having been shown to be effective in 76 improving a range of outcomes when used on tobacco products, including cessation-related 77 behaviours [16] [17] [18] [19] [20] [21] . 78 79 Although the use of health warning labels on sugary drinks has been considered by local and 80 national policy-makers in the USA and UK [22, 23] , this is based on limited evidence. Most 81 evidence to date consists of online studies involving hypothetical selection, with few known 82 studies assessing actual drink selection or purchasing with health warning labels placed 83 directly on SSB products. Nonetheless, these online studies highlight the potential of using 84 health warning labels on beverages e.g. text-based health warning labels have been shown to 85 be effective in improving understanding of the health harms associated with SSB 86 overconsumption and may reduce the selection of such drinks [24] [25] [26] [27] . The results of a recent 87 laboratory study, conducted in a realistic purchasing context, also support the effectiveness of 88 text-based labels, which were found to reduce the calories purchased from SSBs [28] . 89
Pictorial health warning labels appear superior to text-based labels, having been shown to be 90 more effective at reducing intentions to purchase SSBs and preferences for SSBs [24, 29] . 91
The results of the only existing field study to date confirm the superiority of pictorial health 92 warning labels, which were found to be more effective than text-based labels in reducing 93 sugary drink purchases [30] . It is worth noting, however, that in this study the labels were 94 placed on shelves immediately below the sugary drinks rather than on the products 95 themselves. 96 97 Not all pictorial warnings, however, might be equally effective. Based on evidence from the 98 use of warning labels on tobacco products, the most effective labels are those that use images 99 that elicit a strong negative emotional response [16-18, 31, 32] . Consistent with this, health 100 warning labels including images that illustrate the negative health consequences of excess 101 sugar consumption are more effective in reducing SSB selection in hypothetical choice 102 scenarios [33, 34] , even when compared to other types of pictorial labels, such as those that 103 include images illustrating drink sugar content [34] . This accords with evidence suggesting 104 that images of negative health consequences of consumption make attitudes towards 105 unhealthy foods less favourable and that these attitudes mediate effects on selection [35] . In 106 situations in which actual drink choices are made, it remains to be determined whether 'on 107 pack' pictorial health warning labels applied directly to the products themselves are more 108 effective than other health warning labels in reducing actual, rather than hypothetical SSB 109 selection. 110
111
The use of labels conveying calorie information has also been recommended as a way to 112 facilitate healthier choices [36] , having the potential to change people's choices at the point 113 of selection or consumption when placed on menus or adjacent to products [37] . With regard 114
to the impact of calorie information labels on SSB purchasing and consumption, findings are 115 mixed. Two field studies have shown that they can reduce SSB selection when information is 116 provided in the form of physical activity equivalents, such as minutes of running required to 117 burn off the energy contained in a bottle of soda [38, 39] . When given in the form of calories 118 per bottle, two online studies and a recent field study show that such labels have no effect on 119 selection [27, 34] or purchasing [30] . These studies, however, either assessed hypothetical 120 choices [27, 34] or involved placing the labels on shelves rather than directly on the drinks 121 [30] . Further research, therefore, is needed, conducted in real-world settings, to assess the 122 impact of directly labelling single drink products. 123
124
The current laboratory study aimed to assess the impact of 'on-pack' health warning labels 125 and calorie information labels on actual, rather than hypothetical selection of SSBs. The 126 primary aim was to assess the impact on SSB selection of: i. an 'on-pack' pictorial health 127 warning label depicting an adverse health consequence of excess sugar consumption; ii. 'on-128 pack' calorie information labels. As SSB consumption is socially patterned, thereby 129 contributing to observed inequalities in health outcomes [40] [41] [42] [43] [44] , the study also aimed to 130 assess whether any effect on SSB selection of 'on-pack' health warning labels or calorie 131 information labels was moderated by socio-economic position in a way that might reduce 132 health inequalities [45] . Randomised controlled between-subjects study in a laboratory setting, in which participants 145
were randomly allocated to one of three groups (see Interventions). 146 147 Participants 148
Participants were 401 adults, resident in England, taking part in a separate study assessing the 149 impact of food availability on food selection (study registration available here 150 https://osf.io/zn567/). They were recruited by a market research company (Roots Research; 151 https://rootsresearch.co.uk) and purposefully sampled to ensure an approximately even split 152 between individuals of higher and of lower socioeconomic position (SEP), as defined by 153 highest educational qualification: higher SEP was defined as having a degree or having 154 completed higher education; lower SEP was defined as having completed up to GCSEs or 155 equivalent. The characteristics of participants across groups are shown in Table 1 . 156 157
Sample size calculations 158
The study sample size was opportunistic. Previous research has found a reduction in the 159 proportion of participants selecting an SSB of 16.8% (49.2% vs 32.4%) with use of a 160 pictorial health warning label (illustrating rotting teeth) compared to not using any label [34] . 161 A sample of 401 participants (approximately 133 in each group) provided 80% power to 162 detect this difference at the 5% statistical significance level. 163
164
Interventions 165 Participants were randomised to one of three groups and invited to select a beverage from a 166 range of six, comprising four SSBs and two non-SSBs that varied in the addition of an 'on-167 pack' label (i.e. placed on the products themselves) to the drinks offered: Group 1: pictorial 168 health warning label on SSBs only; Group 2: calorie information label on all drinks; Group 3: 169 no additional label. Interventions involving health warning or calorie labels applied to 170 product packaging are categorised as a (an Information x Product intervention within the 171 TIPPME intervention Typology [46]. Randomisation was stratified according to SEP to 172 6 ensure a balance between groups and was performed by a statistician independent of the 173 research team. 174 175 1
Pictorial health warning label 176
This comprised an image of rotting teeth alongside the caption "Excess sugar intake causes 177 dental decay" (Figure 1 ) affixed on the left of the logo of each SSB presented to participants. 178
The height of the labels was designed to cover the height of the manufacturers' labels and 179 was between 4.5cm and 5cm, depending on the drink. The width was 4.7cm. This label was 180 chosen based on the results of an online study, which showed it to be the most effective in 181 reducing SSB selection by parents choosing a drink for their children in a hypothetical choice 182 task [34] . • Socio-economic position (SEP), assessed by highest educational qualification 212
• Healthiness of snack chosen in a preceding study assessing the impact of food 213 availability on food selection (categorised as either healthier or less healthy, as a pack 214 containing 100 calories or less and less healthy as a pack containing more than 200 215 calories) (See Procedure). 216 217
Other measures 218
Demographic characteristics: 219
• Age 220
• Gender 221
• Ethnicity 222
• Income 223
Procedure 224 225 Participants were invited to a generic function room hired in a church in central Cambridge, 226 where they were provided with information about the study and gave written 'informed' 227 consent for participation. Participants were not told the true purpose of the study, as it was 228 considered that revealing the true aims of the study might influence any drink choices. 229
Instead they were told that they were participating in a study to investigate the effect of 230 snacking on cognitive performance and that drinks would be offered after consumption of a 231 snack in order to 'wash it down'. 232
233 Participants completed the current study following a separate study assessing the effects of 234 the availability of healthier and less healthy food items on snack selection. During that study, 235 participants were randomly assigned to one of three conditions, differing in the number of 236 healthier and less healthy snacks to choose from: a control condition in which participants 237 were presented with equal numbers of healthier and less healthy snack options (2 of each); an 238 intervention condition in which participants were presented with an increased number of 239 healthier snack options (6 healthier, 2 less healthy); or an intervention condition, in which 240 participants were presented with an increased number of less healthy snack options (2 241 healthier, 6 less healthy). 242
243 Following completion of that study and selection of their snack, participants were presented 244 with a range of six drinks (4 SSBs: Coca Cola, Fanta, Sprite, Ribena, and 2 non-SSBs: Still 245
Water (Buxton Natural Mineral Water) and Diet Coke) and asked to select one for immediate 246 consumption. They were allowed not to select a drink if they preferred. They were also 247 allowed to drink as much of their chosen beverage as they wanted or take it with them to 248 consume at a later time. Depending on participants' allocated group, the drinks had (i) a 249 pictorial health warning label on the four SSBs; (ii) calorie information labels on all drinks; 250 or (iii) no additional labels. The drinks were placed on a table in a row, hidden from Results 291 292 There were no statistically significant differences between randomised groups in participant 293 characteristics (Table 1) . Eleven participants, six from Group 1 (pictorial HWL), one from 294 Group 2 (calorie information label) and four from Group 3 (no additional label), chose not to 295 select any drink. These participants were included in the analysis. Excluding them from the 296 analysis did not affect the results. Descriptive information regarding the proportions of 297 participants choosing an SSB according to each group and socioeconomic position are shown 298 in nor the calorie information labels (43% vs 39% OR= 1.461, 95%CI= 0.694, 3.078) 306 significantly affected the odds of selecting an SSB compared to no additional label. Socio-307 economic position had a significant impact on SSB selection, with those of lower SEP being 308 more likely to select an SSB compared to those of higher SEP (45% vs 35%; OR=2.184, 309 95%CI= 1.068, 4.462). The pictorial health warning label and calorie information labels did 310 not differentially affect SSB selection in those of lower or higher SEP, as indicated by the 311 lack of a significant interaction effect (Table 3) In this laboratory-based study, the addition of an 'on-pack' pictorial health warning label or 335 calorie information labels directly on SSB packaging did not reduce selection of SSBs. 336
Although socio-economic position had a significant impact on SSB selection, with 337 participants of lower SEP being more likely to select an SSB compared to those of higher 338 SEP, the effects of the labels did not vary according to socio-economic position. 339
340
The findings of the current study are inconsistent with previous research demonstrating the 341 effectiveness of health warning labels for reducing SSB selection [24-27, 29, 30, 33, 34] . 342
There are various possible explanations for the differing findings. First, they may be the 343 result of different study designs. Most prior research in the area consists of online studies in 344 which hypothetical SSB selection has been assessed [24-27, 29, 33, 34] . The findings of the 345 current study raise the possibility that effects are reduced or diminished when assessing 346 actual selection from an array of physical products. This possibility is not supported by the 347 results of a recent field study and a recent laboratory study conducted in a realistic setting, in 348 which health warning labels were found effective in reducing sugary drink purchases [30] 349 and calories purchased from SSBs [28], respectively. The labels in the field study were 350 placed on shelves immediately below the sugary drinks rather than on the drinks themselves. 351
In the laboratory study, they were placed in a prominent position on the front of bottles, in 352 red colour, partially obstructing manufacturers' logos. These placement positions might have 353 increased the visibility of the labels and the chances that they were noticed and thus deterred 354 SSB selection Similarly, in the aforementioned online studies, visibility of the labels, which 355 were digitally placed on images of SSB bottles, was ensured by including zoomed in images 356 of the labels. The findings of the present study, therefore, might reflect the possibility that the 357 labels were less visible than in previous studies, a possibility given that they were placed on 358 the side of bottles, ensuring that they were in keeping with existing manufacturers' labels (i.e. 359 as if they were part of the existing labels) and did not cover any of the branding and logos. 360
This placement position -i.e. being part of the existing label and not obstructing logos and 361 branding -was chosen on the basis of being it considered more realistic and feasible, if 362 warning labels were to be implemented on SSBs. Although pictorial health warning labels 363 generally attract more attention than text-based labels [47, 48] , noticeability of the pictorial 364
warning labels in the current study might have been further hindered by their dark colour, 365 which might have failed to attract attention in the same way as red-coloured text-based labels 366 possibly did in the aforementioned laboratory study [28] . Using one bright colour, such as 367 red, may not be feasible with pictorial labels. Using images, however, with high contrasts and 368 bright colours could potentially increase visibility. Although a manipulation check was not 369 included to assess label visibility, during debriefing, participants often commented that they 370 hadn't noticed the labels. This provides support for the possibility that, depending on label 371 format and placement, when placed on actual drinks in a 'realistic' manner, pictorial health 372 warning labels might not always be as effective in deterring actual SSB selection in real-373 world settings as suggested by previous research. Although front-of-pack labels might be 374 more visible, their use on SSB bottles might not be feasible, given the placement of branding 375 and logos and the potential legal restrictions to obstruct these. Further field studies assessing 376 the impact of 'on-pack' health warning labels on selection of actual physical products are 377 needed to inform their suggested use as an intervention to reduce the consumption of sugary 378 drinks and foods. Such studies should also assess the design and placement of 'on-pack' 379 health warning labels, taking into consideration potential restrictions from manufacturers and 380 the need to be incorporated into existing labels, in the same way as is done on cigarette 381 packets. 382
383
Another possibility for the inconsistent results is that the findings of the current study are 384 due, at least in part, to the study sample. Previous studies assessing the impact of 'on pack' 385 labels have targeted regular SSB consumers [24-27, 29, 33, 34, 49] . The current study did not 386 specifically recruit regular SSB drinks and SSB consumption frequency was not assessed. If 387 the majority of participants were not regular SSB consumers, this might have affected the 388 impact of the warning labels. This is possible given that 39% of those in the control group 389 chose an SSB, compared to around 49% in a previous study with UK-based SSB consumers 390 [34] , and between 60%-77% in studies with US-based SSB consumers [26] [27] [28] . Individuals 391 not consuming SSBs on a regular basis might not be as concerned as regular SSB consumers 392 about the health consequences associated with sugary drink consumption. As perceptions of 393 personal risk can affect the effectiveness of risk information [50] , it is possible that non-SSB 394 drinkers might may thus disregard or not take notice of the risk information displayed by 395 warning labels. This might have been especially true in the current study, given the choice of 396 health warning label i.e. an image of rotting teeth warning of the risk of dental decay. This 397 label was selected based on the results a previous study assessing the impact of different 398 image-based warning labels on SSB selection by parents choosing a drink for their child [34] . 399
Tooth decay, however, might not be of huge concern to adults selecting a drink for 400 themselves, especially if they are not regular SSB drinkers. This is consistent with the results 401 of the aforementioned field and realistic laboratory studies, which found effects using labels 402 highlighting additional health consequences, including obesity and diabetes. The possibility 403 that the lack of effects is due to the study not targeting regular SSB consumers is slightly 404 mitigated by the fact that in the aforementioned field study, which was conducted in a 405 hospital cafeteria, purchasing of SSBs was relatively low at baseline --21% of bottled drinks-406 -, implying that most customers were non-SSB drinkers. Nonetheless, pictorial health 407 warning labels significantly reduced purchasing of SSBs [30] . 408 409 A further explanation for the inconsistent findings is that the results of the current study were 410 affected, at least in part, by the artificial nature of the task. In contrast to the only field study 411 and realistic laboratory study in the area, which assessed the impact of health warning labels 412 placed on shelving on the purchasing of SSBs [30] , in the current study, a limited selection of 413 drinks were given for free. This arguably reduced the ecological validity of the study and 414 may have introduced social desirability effects, as suggested by the fact that most participants 415 selected non-SSBs, even though the variety of non-SSBs offered was limited compared to the 416 SSBs, in both quantity and flavour. Warning labels might have different effects on the 417 behaviour of individuals choosing from a range of many beverages in a store and paying for a 418 drink rather than receiving it for free, especially if they are thirsty -although having just 419 consumed a snack, it could be argued that participants in the current study might also have 420 been relatively thirsty. Alternatively, the results might reflect the fact that the drinks were 421 presented immediately after participants had completed participation in a preceding study in 422 which they had to complete a number of cognitively demanding tasks, including measures of 423 response inhibition (the stop-signal task and the Stroop task) and an implicit attitudes task 424 concerning food (the Implicit Association Task), as well as make a snack selection. 425
Completion of these tasks might have affected their cognitive resources available to process 426 the labels. According to dual processing models of decision making [e.g. 51], low cognitive 427 resource inhibits activation of the reflective system that generates behavioural decisions 428 based on reasoning, judgment and knowledge about facts and values and increases activation 429 of the impulsive system that elicits behaviour through associative links [52, 53] . Under 430 cognitive-load, therefore, people have less ability to process risk information and rely on 431 heuristics to make satisfactory decisions with minimal effort [54] [55] [56] . This could potentially 432 affect the way labels are processed. For example, in a study in which cognitive load was 433 deliberately manipulated, colour-coded nutritional labels were effective in promoting 434 healthier food choices but only when cognitive resources were low [57] . The opposite might 435 be true for health warning labels, which may be more likely to require conscious engagement 436 with the risk information presented, at least in terms of the text information that they contain 437 [58] . It would be of interest in future research to assess the impact of health warning labels on 438 SSB selection when available cognitive resource is high compared with low. 439 440 441 A final possible explanation for the lack of effect of the health warning labels in the current 442 study is that the study was underpowered. Although it was estimated that the sample size 443 would give sufficient power to detect an effect of the health warning label compared to not 444 using additional labels, these estimates were based on research using a different study design 445 (i.e. online study assessing hypothetical SSB selection) and different sample (i.e. parents of 446 children, most of whom were of higher SEP) to the current study. 447
448
The findings presented here regarding the calorie information labels are consistent with 449 previous online and field studies showing that such labels have no effect on selection [27, 34] 450 or purchasing [30] of SSBs. Although calorie information labels have the potential to change 451 people's choice at point of selection and consumption, when placed on menus or adjacent to 452 products [37] , the results of the current study suggest that placing nutritional information on 453 beverages, at least in the form of calories per bottle, may have little influence on selection. 454 Calorie information provided in the form of physical activity equivalents such as minutes of 455 running required to burn off the energy contained in a bottle of soda, might have greater 456 potential [38, 39] and should be explored in further research. The results of the current study 457 also confirm previous research showing that SSB consumption is socially patterned, with 458 consumers of lower socio-economic position being more likely to select an SSB compared to 459 consumers of higher socio-economic position [40] [41] [42] [43] [44] . This highlights the continued need for 460 interventions that will reduce SSB consumption in the population overall but especially 461 amongst those who are more deprived. Although socio-economic position did not moderate 462 the impact of the labels in the current study, caution is warranted against drawing conclusions 463 regarding the effectiveness of health warning labels for reducing health inequalities, as the 464 study was potentially underpowered to detect such moderation effects. 465
466
The research presented here contributes to the limited evidence on the use of warning labels 467 on SSBs. The study is one of the very few to assess the impact of pictorial health warning 468 labels and calorie information labels on SSBs on actual rather than hypothetical selection, 469 and the only one to date to do so while using 'on-pack' pictorial health warning labels -as 470 opposed to text-based labels -placed directly on beverages, in a manner that is arguably 471 realistic and feasible for their winder implementation. Although the aforementioned design 472 and power limitations restrict the conclusions that can be drawn, the findings provide 473 valuable information regarding the potential of 'on-pack' warning and calorie labels to 474 reduce SSB selection and therefore consumption. The study also raises important issues 475 regarding the design and placement of labels and their implications on noticeability and thus 476 effectiveness, which need to be addressed in future research. By also including an assessment 477 of the moderating role of socio-economic position, the study provides information regarding 478 the potential for warning labels to reduce the health inequalities associated with SSB 479 consumption. 480 481
Conclusion 482
In conclusion, we found no evidence that pictorial health warning labels or calorie 483 information labels reduced selection of SSBs in a lab-based setting involving actual selection 484 of drinks. Although the contribution of study design factors cannot be excluded, the results 485 suggest that depending on their format and placement, 'on-pack' pictorial health warning 486 labels placed on SSBs in a 'realistic' manner may be less effective in reducing SSB selection 487 in a lab-based setting compared with online settings, highlighting the possibility that effects 488 may be absent when choosing from real products with actual 'on-pack' labels, than suggested 489 by previous research. Calorie information labels also do not appear to influence choices. 490
Field studies of 'on-pack' SSB warning labels placed directly on physical products are 491 needed to further assess their potential impact on selection and consumption in real-world 492 settings. Such studies should also explore the ideal label design and placement on SSBs, 493 while also taking into consideration potential manufacturers' restrictions and the need to be 494 incorporated into existing labels. 495
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